M 0. J) 



Ql 
O 

o 

CD 



< 

(O 
CO 

m 

CO 

o 
Q. 

LU 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(11) 



EP 0 857 866 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of publication: 


(51) Inta^: F02D 41/12, F02D 41/02. 




1Z08.1998 Bulletin 1998/33 




(21) 


Application number: 97934744.0 


F02B 23/10. F02D 45/00 


(22) 


Date of filing: 08.08.1997 


(86) International application number: 






PCT/JP97/02781 






(87) International publication nunnber: 






WO 98/09064 (05.03.1998 Gazette 1998/09) 


(84) 


Designated Contracting States: 


• HATAYAIWA, Kenjiro 




Ub rn ub bb 


9^noine, iviiiiaio*Ku, lOKyo luo o (JK/ 






- NOIiftURA, Toshiro 


(30) 


Priority: 28.08.1996 JP 227196/96 






28.08.1996 JP 227197/96 


• TAIWURA, Hiroki 


(71) 


/Applicant: 


5-chome, Minato-ku, Tokyo 108 (JP) 


• KOJIMA, Atsuyoshi 




MITSUBISHI JIDOSHA KOGYO KABUSHIKI 


5-chome, Minato-ku, Tokyo 108 8 (JP) 




KAISHA 




Tokyo 108 (JP) 


(74) Representative: 


(72) 




Hano, Christian, Dipl.*lng. at al 


Inventors: 


von Funer, Ebbinghaus, FInck, 




KAMURA, Hitoshi 


Patentanwdhe, 




5-chome, Minato-ku, Tokyo 108 (JP) 


Mariahilfptatz 2 & 3 






81541 Munchen (DE) 



(54) FUEL CONTROL DEVICE FOR CYLINDER INJECTION TYPE INTERNAL COMBUSTION 
ENGINE 



(57) The present invention relates to a fuel control 
apparatus for an in-cylinder injection internal combus- 
tion engine suitable for use with rn-cylinder injection 
internal combustion engines which can cut according to 
the (derating state of the engine the si4>ply of fuel to the 
combustion chamber is cut. In the in-cylind^ injection 
internal combustion engine, the object of the invention is 
to render it possible to make a transition to a fuel cut 
mode and a transition from a fuel cut mode to a fuel 
injection mode vwthout causing a switching shock. In the 
in-cyfinder injection internal combustion engine which 
can select a conrpression stroke injection nKxje, the fuel 
control apparatus is provided with deceleration state 
detection means (41), idle detection means (38), target 
air-fuel ratio setting means (107) for setting a target air- 
fuel ratio for the conrpression stroke injection nxxie. and 
air-fuel ratio control means (108) for controlling an air- 
fuel ratio, based on the target air-fuel ratio. The target 
air-fuel ratio setting means (107) sets as the target air- 
fuel ratio a first target air-fuel ratio present on a relatively 
rich skJe, when it is judged from the detection result of 
detection means (41 and 38) that the internal combus- 
tion engine is in a deceleration state ar>d not in an kHe 



state, at the time of the compression stroke injection 
mode, and also sets as the target air-fuel ratio a value 
changed stepwise toward a second target air-fuel ratio 
leaner than the first target air-fuel ratio when the intenrtal 
combustion engine is in a deceleration state and in an 
Kile state. 
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Description 

TECHNtCAL FIELD 

The present invention relates to a fuel control appa- 
ratus for an in-cylinder injection internal combustion 
engine suitable for use with in-cyRnder injection interrel 
conobuslion engines which can select according to the 
operating state of the engine a fuel cut nrKxJe in which 
supply of fuel to the combustion channber is cut 

BACKGROUND ART 

In spark ignition type internal combustion engines 
(hereinafter also referred to as engines), including auto- 
mobile engines, a technique which attempts to save fuel 
consumption and also prev/ent the excessive tempera- 
ture rise of an exhaust gas purifying catalyser due to 
excess hydrocarbon (HC) by cutting fuel injection from 
the fuel injection valve to cut supply of fuel to the com- 
bustion chamber has recently been developed. 

Such a technique is also called fuel cut control This 
fuel cut control can be performed only under certain 
conditions, because inevitably it causes a sudden 
reduction in the engine output (or. specifically an 
increase in the engine brake). In other words, in the 
case of low engine speeds, the fuel cut control cannot 
be carried out because there is the possibility that 
engine stall will take place. Of course, similarly, where a 
driver does not desire deceleration, the fuel cut control 
cannot be carried out. 

Hence, in the case where the throttle valve is fully 
closed when the engine speed is greater than a prede- 
termined speed, generally the fuel cut control is 
attempted to be performed. 

In this case, for conditions for the opening degree of 
the throttle valve, in addition to a technique for directly 
detecting and judging a throttle opening degree, there is 
a technique for judging based on whether or not an 
engine is in an idle state. 

In other words, the case where an engine goes to 
an idle state is one where the throttle valve is less than 
a predetermined micro opening degree, and generally, 
kJIe control is performed based on information from an 
icfle switch which operates according to the throttle 
opening degree. If the throttle valve is less than a prede- 
termined micro opening degree, it means this case 
nearly coincides with the case where the throttle valve is 
-fully closed Hence, the technique that causes fuel cut 
control to be carried out in the case where an engine 
goes to an idle state when the engine speed is greater 
than a predetermined speed has been developed. 

However, where fuel cut control is carried out based 
on whether or not an engine is in an idle state, the fuel 
cut control is prohibited for a predetermined period after 
the engine has made a transition from a non-idle state 
to an idle state, for the purpose of confirming that the 
throttle valve has been fully closed. 



Also, if fuel cut is performed, a sudden reduction in 
the output torque of an engine will be caused. In auto- 
mobile engines, since a vehicle will be considerably 
shocked, another technique has been developed. Even 

5 H the accelerator pedal is off, the throttle valve will not 
be fully closed suddenly but will be gently closed by 
operation of a so-called dashpot, thereby avoiding a 
sudden reduction in the engine output torque and a 
great shock to a vehicle. 

10 The aforemerrtioned fuel cut control, incidentally, 
has been applied to a multipoint irijection (MPI) engine 
equipped with fuel injection valves each in an intake 
port of each cylinder, but. since an in-cytinder injection 
engine (in-cylinder injection internal combustion engine) 

15 with a fuel injection valve faced so as to inject fuel 
directly into the combustion chamber within the cylinder 
has been developed in recent years, the fuel cut control 
is desired to be applied to such an in-cylinder injection 
engine. 

20 Such an in-cylinder injection engine can inject fuel 
into the combustion chamber at any time regardless of 
the opening and closing of the intake valve and there- 
fore can carry out various characteristic operations as 
follows: 

25 For example, a fuel injection mode with a compres- 
sion stroke as primary (this is referred to as a compres- 
sion stroke injection mode) can be set. In this 
compression stroke injection mode, stable combustion 
can be realized in a ultra-lean air-fuel ratio state by strat- 
30 ified combustion making use of the stratified intake-air 
ftow formed within the cylinder. In other words, since 
injected fuel can t>e collected near the spark plug by 
making use of stratified intake-air flow, operation can be 
performed saving fuel consumption considerably with 
35 the entire fuel-air ratio caused to be in an extremely lean 
air-fuel state, obtaining stable ignitability with only the 
vicinity of the spark plug caused to be in a good ignita- 
ble air-fuel state (i.e., stoichiometric air-fuel ratio state 
or air-fuel ratio state on a side slightly richer than the 
40 slok;hiometric air-fuel ratio stale). 

Of course, a fuel injection mode with an intake 
stroke as primary (this is refen^ed to as an Intake stroke 
injection mode) can be set. In this intake stroke irtjectk>n 
mode, stable ignition and reliable flame propagation are 
45 reaHzed evening the entire air-fuel ratio state of the 
combustion cfiamber by premixing fuel, whereby opera- 
tion can be performed so that sufficiently high output is 
obtainabla In this intake stroke injection mode, a stoi- 
chiometric mode in which great output is obtained by 
50 adjusting an air-fuel ratio to near a stoichiometric air- 
fuel ratio and a lean mode in which fuel consumption 
can be saved by causing an air-fuel ratio to be leaner 
than a stoichiometric air-fuel ratio are considered. In 
addition, in view of the case where great output is 
55 desired to be obtained tenrporarily during rapkJ acceler- 
ation, etc., an enrich mode in which an air-fuel ratio is 
rrcher than a stoichiometric air-fuel ratio is considered. 
In such an in-cylinder injection engine, incidentally. 
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the engine is operated by properly selecting various 
operating modes such as the aforementioned compres- 
sion stroke irijection mode (lean compression mode or 
late lean mode), a stoichiometric intake stroke injection 
mode (stoichiometric mode), a lean intake stroke injec- 
tion mode (lean intake mode or early lean mode). an6 
an enrich intake stroke injection mode (enrich mode). 
The selection of these operating modes is considered to 
be performed based on engine speed arxJ engine load. 

In other words, the lean compression mode is 
selected in ari area where engine speed is low and 
engine load is small, and if the engine speed becomes 
higher than the low engine speed and the engine load 
becomes great the lean intake mode, the stoichiometric 
mode, and the enrich mode will be selected in the 
recited order, as the degree becomes greater. 

Engine load nearly corresponds to the degree of 
depression of the accelerator pedal, so when the lean 
compression mode is selected, the depression degree 
of the accelerator pedal is "slight arxi therefore the throt- 
tle opening degree is slight. On the other hand, in the 
lean compression mode in which operation is performed 
in a supei'-lean state in which an air-fuel ratio is 
extremely great, if there is no sufficient intake-air quan- 
tity, the engine output at the same throttle opening 
degree will become small. Also, stratified flow will 
become weak and stable combustion will be difficult to 
be carried out Therefore, if a throttle opening degree is 
slight and an intake-air quantity is regulated with the 
throttle valve, the opei^ation in the lean compression 
mode will be difficult For this reason, in the in-cylinder 
injection engine, the air quantity regulated with the throt- 
tle valve is supplemented, by providing a bypass pas- 
sage (air bypass passage) which bypasses the throttle 
valve and controlling the opening degree of a valve (air 
bypass valve) provided in the air bypass passage. 

However, if such fuel cut control employed in the 
conventional MPI engine, as it is, is applied to such an 
in-cylinder injection engine, a sudden reduction in the 
output torque of the engine will be caused when fuel cut 
is started, and in the case of a vehicle^mounted engine, 
a vehicle will be considerat>ly shocked. 

Rg. 9 is a diagram scherratically showing the char- 
acteristics of the output torque of an engine in the case 
where the engine makes a transition from a non-idle 
state to an idle state when the engine speed is greater 
than a predetermined speed (fuel cut condition speed) 
Net and then makes a transition to a fuel cut mode In 
the figure, "A" represents a torque change characteristic 
in the case of the conventional MPI engine and "B" rep- 
resents a twque change characteristic in the case of the 
in-cylinder injection engine. In this case, after establish- 
ment of fuel cut conditions (i.e.. after the engine has 
gone to an idle state), the throttle valve is not fully 
closed suddenly but is gently closed through operation 
of a so-called dashpot 

As shown in Fig. 9, in the conventional MPI engine, 
in the circumstances in which fuel cut control is started. 



i.e.. in the case where the throttle valve is fully closed or 
the engine is in an idle state (see Fig. 9(A)). irregular 
combustion takes place in the engine and therefore the 
engine output torque is already reduced easily. With the 

5 operation of the dashpot the intake-air quantity is 
reduced, accordingly the fuel injection quantity is also 
reduced, and the engine output torque is considerably 
reduced. For this reason, when a transition to a fuel cut 
mode is made, the torque difference dl becomes small 

10 as shown in Rg. 9(B) and a vehicle will not be easily 
shocked. 

On the other hand, in the in-cylinder injection 
engine, in the circumstances in which fuel cut control is 
started, i.e.. in the case where the throttle valve is fully 

IS closed or the engine is in an idle state, operation is gen- 
erally performed in the lean compression mode. How- 
ever, in this lean compression mode, comtxistion is 
favorably performed even with a small quantity of fuel 
injection. Therefore, even if the engine goes to an idle 

20 state and the dashpot is operated, the engine output 
torque will be difficult to be reduced. For this reason, 
when a transition to a fuel cut mode is made, the torque 
difference 62 becomes great as shown in Fig. 9(B), 
gives a great shock to a vehicle, and easily gives a feel- 

25 ing of physical disorder to the driver, etc. 

Such a disadvantage of a vehicle being considera- 
bly shocked does not arise only when a transition to a 
fuel cut mode is made, but it also arises when a return 
from a fuel cut nxxJe to a fuej injection mode is made. 

30 In other words, even if the engine remains in an idle 
state, if the engine speed © excessively reduced, in the 
case where there is a request to increase engine torque . 
thereafter, the engine cannot quickly correspond to the 
request. Therefore, even in an idle state, if engine speed 

35 is reduced to less than a predetermined speed (fuel 
injection return condition speed) Ne2 (Ne2 < Nel), a 
return to a fuel injection mode will be performed. 

At this time, torque fluctuation will occur by the 
amount of the torque cfifference d2 such as that shown 

40 in Fig. 9. After all. a vehicle will have a great shock 
(acceleration shock). 

Note that if the engine goes from an idle state to a 
norhidle state during a fuel cut mode, of course the fuel 
cut mode will return to the fuel injection nrKxie. At this 

45 time, a driver depresses the accelerator pedal to 
request acceleration, so even if an acceleration shock 
takes place, the driver will not easily have a feeling of 
physical disorder and this case will not be a great proty- 
lem. 

so' As previously desaibed. such problems are con- 
spicuous in in-cylinder injection internal engines, but, nn 
a conventional engine (port ir^j eclion engine), in order to 
reduce a torque shock which occurs at the time of a 
transition to a fuel cut mode and at the time of a return 

55 to a fuel injectkxi mode, the techniques that cause a" fuel 
supply quantity to be reduced gradually at the time of a 
transition to a fuel cut mode and cause a fuel sippty 
quantity to be inaeased gradually at the time of a return 
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to a fuel injection mode are disclosed, for example, in 
Japanese Patent Publication Nos. SHO 58-20374 and 
SHO 63-42098. 

These techniques, however, are for port injection 
engines, so if the fuel injection quantity at the time of a 5 
start of fuel cut and the fuel injection quantity at the time 
of a return to fuel cut, disclosed in these prior tech- 
niques, are employed to control fuel cut in the compres- 
sion stroke injection oxxJe of an in-cylinder injection 
engine, there wiB be the problem that output will be w 
excessive and therefore a torque shock win occur, as 
previously described. Therefore, this technical idea, as 
it is, cannot be applied to the in-cylinder injection engine 
to which the present invention is applied. In other words, 
the in-cylinder injection engine has a particular fuel is 
injection mode such as the compression stroke injection 
mode, as previously described, and for the torque shock 
reduction at the time of the switching between the fuel 
injection mode and the fuel cut mode, a particular effi- 
cient technique is desired to be developed. ?o 

The present invention has been made in view of the 
aforementioned problems, and accordingly, it is an 
object ol the invention to provide a fuel control appara- 
tus for an tn-cylinder injection inter rial er>gine which can 
start fuel cut control without causing a switching shock ss 
even in an in-cylinder injection internal engine. Another 
object of the invention is to provide a fuel control appa- 
ratus for an in-cylinder injection internal engine which 
can make a transition to a fuel cut mode and a transition 
from a fuel cut mode to a fuel injection mode without 3o 
causing a switching shocK contriving air-fuel ratio con- 
trol in a compression stroke injection mode in an in-cyl- 
inder injection internal engine. 

SUMMARY OF THE INVENTION 35 

For those objects, in a fuel control apparatus for an 
in-cylinder injection internal con^ustion engine of the 
present invention, the internal combustion engine 
injects fuel directly into a combustion chamber and is 40 
able to select according to an operating state of the 
internal comt}U5tion engine a compression stroke Injec- 
tion mode in which fuel injection is performed mainly on 
a compression stroke. The fuel control apparatus com- 
prisesLdeceleration state detection means for detecting 45 
whether or not the internal connbustion engine is in a 
deceleration state; idle detection means for detecting 
whether or not the internal combustion engine is in an 
idle state: target air-fuel rat'o setting mearts for setting a 
target air-fuel ratio in the compression stroke injection so 
mode: and air-fuel ratio control means which can control 
an air-fuel ratio, based on the target air-fuel ratio set by 
the target air-fuel ratio setting means: wherein the target 
air-fue! ratio setting means sets a first target air-fuel 
ratio as the target air-fuel ratio, when the deceleration ss 
state detection means detects that the internal combus* 
tion engine is in a deceleration state and also the idle 
state detection means detects that the internal combus- 



tion &)Qm is not in an idle state, at the time of the com- 
pression stroke injection mode, and also sets as the 
target air-fuel ratio a value changed stepwise toward a 
second target air-fuel ratio on a leaner side than the first 
target air-fuel ratio, when the deceleration state detec- 
tion means detects that the internal combustion engine 
is in a deceleration state and also the idle detection 
means detects that the internal combustion engine is in 
an idle state, at the time of the compression stroke 
injection mode. 

With this, at the time of the compression stroke 
injection mode, when the internal connbustion engine is 
in a deceleration state but not in an idle state, the first 
target air-fuel ratio is set as a target air-fuel ratio, and 
when the internal combustion engine is in a decelera- 
tion state and in an idle state, a value changed stepwise 
toward a second target air-fuel ratio on a leaner side 
than the first target air-fuel ratio is set as a target air-fuel 
ratio. 

Therefore, even if the engine is in a non-idle state 
during deceleration, the engine output torque will be 
reduced. Thereafter, in the case where the engine goes 
to an idle state (generally, in the case where fuel cut 
conditions are established), even when a transition to 
fuel cut mode is made, the transition can be quickly 
made wdthout a torque shock 

In addition, when the engine goes to an idle slate 
during deceleration, the target air-fuel ratio for each 
control cycle is set so that it gradually approaches such 
a second target air-fuel ratio as to further reduce the 
engine output torque. Therefore, in the case where the 
engine goes to an idle state during deceleration and fuel 
cut conditions are established, the engine output torque 
can be sufficiently reduced and a transition to fuel cut 
mode thereafter can also be performed vwthout a torque 
shock. 

.Thus, the transition to fuel cut mode can be made 
reducing the output torque of the engine, .and there is 
the advantage that fuel cut control can be quickly 
started suppressing a torque shock. 

Note that the first target air-fuel ratio preferat}ly is 
set so as to change stepwise to a lean side. 

Furthermore, in such construction, preferably the 
target air-fuel rabo setting means first increases the tar- 
get air-fuel ratio instantly to a third target air-fuel ratio on 
a richer side than the second target air-fuel ratio and 
then sets a value changed stepwise toward the second 
target air-fuel ratio, when the deceleration state detec- 
tion means detects that the imernal combustion engine 
is in a deceleration state and also the kJle detection 
means detects that the internal connbustion engine is jn 
an idle slate, at the time of the compression stroke 
injection mode. 

With this, the output torque of the engine can be' 
sufficiently reduced, and the transition to fuel cut mode 
thereafter can be more quickly performed without a 
torque shock. 

In addition, in a fuel control apparatus for an in-cyl- 
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inder injection internai combustion engine of the present 
invention, the internal combustion engine injects fuel 
directly into a combustion chamber and is able to select 
according to an operating state of the internal combus- 
tion engine a fuel supply mode including a connpression 
stroke injection mode in which fuel injection is per- 
formed mam\y on a compression stroke and a fuel cut 
mode in which supply of fuel to the combustion chancer 
is cut Furthermore, the internal combustion engine is 
able to select the compression stroke injection mode 
when rl is returned from the fuel cut mode to the fuel 
supply mode. The fuel control apparatus comprises: idle 
detection means for detecting whether or not the inter- 
nal combustion engine is in an idle state; judgment 
means tor judging whether or not return conditions from 
the fuel cut mode to the fuel supply mode have been 
established, based on detection formation from the idle 
detection means and the operating state of the internal 
combustion engine; deceleration state detection means 
for detecting a degree of deceleration of the internal 
combustion engine; target air-fuel ratio setting means 
for setting a target air-fuel ratio for the conpression 
stroke injection mode; and air-fuel ratio control means 
which can control an air-fuel ratio, based on the target 
air-fuel ratio set by the target air-fuel ratio setting 
means; wherein the target air-fuel ratio setting means 
sets a first target air-fuel ratio as the target air-fuel ratio, 
when the judgment means judges that the return condi- 
tions have been established and also the degree of 
deceleration detected by the deceleration state detec- 
tion means is equal to or greater than a predetermined 
value; also sets as the target air-fuel ratio a second tar- 
get air-fuel ratio on a leaner side than the first target air- 
fuel ratio, when the judgment means judges that the 
return concfltidns have been established and also the 
degree of deceleration detected by the deceleration 
state detection means is less than the predetermined 
value; arxJ furthermore performs a return from.the fuel 
cut mode to the fuel supply mode, while the air-fuel ratio 
p^. " control means is controlling an air*fuel ratio with the first 
or second return target air-fuel ratio set by the target air- 
f uef ratio setting means, at the time of the establishment 
of tfie returrrcoTKlitions, 

Therefore, when the return conditions are estate 
lished and also the degree of deceleration is equal to or 
greater than a predetermined value, the first target air- 
fuel ratio is set as a target air-fuel ratio, and when the 
return conditions are established and also the degree of 
deceleration is less than the predetermined' value, the 
second target air-fuel ratio on a leaner side thsm the first 
target air-fuel ratio is set as the target air-fuel ratia At 
the time of the establishment of the return conditions, 
the return from the fuel cut mode to the fuel supply 
mode is performed, controlling an air-fuel ratio with the 
first or second return target air-fuel ratio. 

Witii this, during ti)e sudden deceleration of the 
internal corrtx«tion engine, if an inaease in the engine 
output torque is insufficient, a reduction in the engine 
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speed cannot be prevented, but if the relatively rich first 
return target air-fuel ratio is set and the air-fuel ratio is 
controlled, a reduction in the engine speed can be pre- 
vented ensuring an increase in the engine output 
5 torque. For this reason, thereafter preparations can be 
made quickly and smoothly for the return control to the 
original air-fuel ratio. Also, it the deceleration of the 
internal combustion engine is gentle, the sudden 
Inaease in the engine output torque thereafter will 
;o cause a torque shock. Therefore, if the relatively lean 
first return target air-fuel ratio is set and the air-fuel ratio 
is controlled, the fuel supply can be returned without 
causing a torque shock For this reason, thereafter if the 
return target air-fuel ratio is gradually reduced toward a 
15 target air-fuel ratio on a fuel-enriched side, it will 
become possible to control a fuel-air ratio toward the 
original air-fuel ratio quickly and smoothly. 

Therefore, there is the advantage that a return can 
be performed controlling the engine output torque prop- 

20 erly at the time of the return to fuel cut to fuel supply and 
that a fuel supply return can be performed suppressing 
a torque shock. 

Note that the target air-fuel ratio setting means pref- 
erably is set so that in the case where the second return 

25 target air-fuel ratio is set as the target air-fuel ratio, 
thereafter the target air-fuel ratio is gradually reduced 
toward the first return target air-fuel ratio on a fuel- 
enriched side. 

Furthernrore. in a fuel control apparatiJS for an in- 

30 cylinder injection internal combustion engine of the ' 
present invention, the internal combustion engirie 
injects fuel directly into a combustion chamber and is 
able to select according to an operating state of the 
internal combustion engine a fuel supply mode includ- 

35 ing a compression stroke injection mode in wHch fuel 
ir)jection is performed mainly on a compression sb'oke, 
a fuel supply mode including an intake stroke injection 
mode in which fuel injection is performed mainly on an " 
intake stroke, and a fuel cut mode in which supply of fuel * 

40 to the conrbustion chamber is cut. The fuel control • 
apparatus comprises: deceleration state detection 
means for detecting whether or not the internal combus- 
tion engine is in a deceleration state; idle detediai 
means for detecting whether or not the internal combus- 
ts tion engine is in an klle state; target air-fuel ratio setting 
means for setting a target air-fuel ratio for the compres- 
sion stroke injection mode; and air-fuel ratio conti'ol 
means which can control an air-fuel ratio, based on the 
target air-fuel ratio set by the target air-fuel ratio setting 

so means; wherein the target air-fuel ratio setting means 
sets a first target air-fuel ratio as the target air-fuel ratio, 
when the deceleration stale detection means detects 
that the internal combustion engine is in a deceleration 
state and also tiie idle detection means detects that tiie 

55 internal combustion engine is not in an idle state, at tfie 
time of the compresston stroke injection mode; and 
wherein the fuel supply mode is switched from the com- 
pression stroke injection mode to the intake stroke injec- 
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tion mode, when the deceleration state detection means 
detects that the internal combostion engine is in a 
deceleration state and also the idle detection means 
detects that the internal combustion engine is in an idle 
state, at the time of the compression stroke injection 5 
mode. 

With this, at the time of the compression stroke 
injection mode, when the internal comljustion engine is 
in a deceleration state and not in an idle state, the first 
target air*fuel ratio is set as a target air-fuel ratio. Al the 
time of the compression stroke injection mode, when 
the internal combustion engine is in a deceleration state 
and in an idle state, the fuel supply mode is switched 
from the compression stroke injection mode to the 
intake stroke injection mode, 

H the fuel supply mode is thus switched from the 
compression stroke injectioo. mode to the intake stroke 
injection mode, the output torque of the engine will eas- 
ily be reduced because irregular corhbustion which did 
not take place in the compression stroke injection mode 20 
takes place in the engine. Therefore, a torque shock can 
be reduced when a transition to a fuel cut nfK>de is 
made. . 

Therefore, the transition to fuel cut mode can be 
made reducing the output torque of the engine, and 25 
there is the advantage that fuel cut control can be 
quickly started suppressing a torque shock. 

Moreover, in a fuel control apparatus for an in-cyfin- 
der injection internal combustion engine of the present 
invention, the internal combustion engine injects fuel so 
directly into a combustion chamber arxJ has a fuel cut 
mode in which supply of fuel to the combustion chamber 
is cut. Furthermore, the internal combustion engine is 
able to select the fuel cut mode in accordance with an 
operating state of the internal combustion engine. The 35 
fuel control apparatus conrprises: injection period set- 
ting means for setting a fuel injection period for the fuel 
injection valve; judgment means for judging whether or 
not fuel cut conditions have been established, based on 
the operating state of the internal combustion engine; 40 
and mode selection means for selecting the fuel cut 
mode, if the judgment means judges that the fuel cut 
conditions have been established and also the fuel 
injection period set by the injection period setting 
means is less than a predetemrrined injection period. 45 

Therefore, if the fuel cut conditk>ns have been 
established and also the set fuel injectk)n period is less 
than a predetermined irijection period, the fuel cut mode 
will be selected. 

Thus, since the fuel cut corttrol is performed after so 
the fuel injection period has been less than a predeter- 
mined injection period, a transition to a fuel cut mode is 
made after the torque produced by tfie engine has been 
reduced to some degree. Therefore, there is the advan- 
tage that the fuel cut control can be started, suppress- ss 
ing a torque shock. 

In such construction, the nx)de selection means 
preferably is constructed so that it selects the fuel cut 



mode, if the judgment means judges that the fuel cut 
conditions have been established but a state, nn which 
the fuel injection period set by the injection period set- 
ting means is not less than a predetermined injection 
period, continues only for a predeternrtined period. 

Therefore, the suppressk)n of a torque shock can- 
not be sufficientiy performed when a transition to a fuel 
cut mode is made, but a fuel cut effect can be obtained 
with reliability. 

Furthernrwre. tiie in-cylinder injection internal com- . 
bustion engine preferably is provided with a fue! supply 
mode including a compression stroke injection mode in 
which fuel injection is performed mainly on a compres- 
sion stroke and a fuel supply mode including an intake 
stroke injection nnode in which fuel injection is per- 
formed mainly on an intake stroke, and is constructed 
so that these fuel injection modes can be switched in 
accordance v^'th the operating state of the internal com- 
bustion errgine. The predetermined injection period 
preferat^y is set separately for each of the fuel injection 
nrrodes and the predetermined injection period in the 
conpression stroke ir^ectton nrtode is set to a shorter 
F>eriod tiian the predetermined injection period in the 
intake stroke injection mode. 

If the predetermined injection period is set accord- 
ing to the operating nxxfe of the engine in this way. a 
suppression effect of torque shock occurrence airKj a 
fuel cut effect can be balanced with each other. 

Note that preferably the fuel cut conditions for 
selecting the fuel cut mode are that rotation speed of the 
internal conr^stion engine is equal to or greater tiian a 
predetermined rotation speed and that the internal com- 
bustion ermine is in an idle state 

BRIEF DESCRIPTION OF THE DRAWINbs 

I 

FIG. 1 is a block diagram showing the essential 
construction of a fuel control apparatus for an in- . 
cylinder injection internal conr*)ustion engine as a 
■ first embodiment of the present invention; . . 
FIG. 2 is a timing chart describing the control of the 
fud control apparatus for an in-cylinder injection 
internal connbustion engine as the first-embodiment 
of the present invention, (A) showing whether or not 
tiie engine is in an idle state. (B) showing a target 
air-fuel ration (C) showing an injector pulse width 
(fuel injection time), (D) showing a fuel cut state, 
and (E) showing engine speed; 
FIG. 3 is a flowchart describing the corrtrd opera- 
tion of the fuel control apparatus for an in-cylinder 
injection internal combustion engine as the first 
embodirrrent of tiie present invention; 
FIG. 4 is a diagram showing the essential construc- 
tion of an in-cyflnder injection internal combustion 
engine according to the first embodiment of the 
present invention; , 

FIG. 5 is a control block diagram of the in-cyiinder 
injection internal combustion engine according to 
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the first embodiment of the present invention; 
FIG- 6 is a diagram explaining the operating nrxxJes 
of the in-cylinder injection internal combustion 
engine according to the first embodiment of the 
present invention: 

FIG. 7 is a flowchart desaibing the control opera- 
tion of the fuel control apparatus for an in-cylinder 
injection internal combustion engine as the first 
embodiment of the present invention; 
FIG. 8 is a timing chart descn'bing th e control of the 
fuel control apparatus for an in-cylinder injection 
internal combustion engine as a secorxJ embodi- 
ment of the present invention. (A) showing whether 
or not the engine is in an idle state, (B) showing a 
target air-fuel ratio, (C) showing an injector pulse 
width (fuel injection time), (D) showing a fuel cut 
state, {£) showing engine speed, and (F) showing 
an operating mode (fuel injection mode): and 
FIG. 9 is a diagram describing problenrts to be 
solved by the present invention, (A) showing 
whether or not the engine rs in an idle state and (B) 
showir^ the output torque of the engine. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will hereinafter be made of an embod- 
iment of the present invention by the drawings. 

Rgs. 1 through 7 show a fuel control apparatus for 
an in-cylinder injection internal combustion engine as a 
first enixxJiment of the present invention. Based on 
these figures, the first embodiment will be described. 

First, with respect to the construction of the in-cylin- 
der injection interr^at con^stion engine (hereinafter 
referred to as an in-cylinder injection engine) according 
to this entKxfiment, a desaiption will be nnade referring 
to Rg. 4. 

In Rg. 4, 1 is an engine main txxiy. 2 an intake pas- 
sage, 3 a throttle valve installation portion, 4 an air 
deaner. 5 a bypass passage (second bypass passage), 
and 6 a second air bypass valve (^ABV)- which can 
regulate the quantity of air that flows through the bypass 
passage 5. The intake passage 2 is constituted by an 
intake pipe 7, a surge tank 8. and an intake manifold 9. 
connected in this order from the upstream side. The 
bypass passage 5 is provided on the upstream side of 
the surge tank 8. The bypass valve 6 Is driven at a 
required opening degree with a stepper nDotor, but the 
opening degree of this bypass valve 6 may also be 
adjusted with the employment of duty control by an elec- 
tromagnetic valve. 

Furthermore, 12 is one section equipped with an 
idle speed control function, and consists of a bypass 
passage (first bypass passage) 1 3 and a first air bypass 
valve (#1 ABV) 14 which serves as a bypass valve. The 
#1ABV 14 is driven with a stepper motor (not shown). 
Also. 15 is a throttle valve, and the first bypass passage 
13 and the second bypass passage 5 connect the 
respective upstream and downstream ends thereof to 



the intake passage 2 so as to bypass the portion of the 
intake passage 2 in which the throttle valve 15 is pro- 
vided. 

Furthermore, the opening and closing controls of 
5 the second air bypass valve 6 and the first air bypass 
valve 14 are controlled through an electronic control unit 
(ECU) 16. 

Also. 17 is an exhaust passage and 18 a con^us- 
tion chamber. The openings of the intake passage 2 and 

10 the exhaust passage 1 7 to the combustion chanrtf>er 1 8, 
i.e.. an ^take port 2A and an exhaust port 17A are pro- 
vided vwth an intake valve 19 and an exhaust valve 20. 

Then, 21 is a fuel injection valve (injector). In this 
engine, this injector 21 is arranged so as to inject fuel 

15 directly into the combustion chamber 1 8. 

Furthermore. 22 is a fuel tank. 23A through 23E 
fuel supply paths. 24 a low-pressure fuel pump. 25 a 
high-pressure fuel pump. 26 a low-pressure regulator. 
27 a high-pressure regulator, and 28 a delivery pipe. 

20 The fuel within the fuel tank 22 is driven with the low- 
pressure fuel pump 24, furthermore is pressurized with 
the high-pressure fuel pump 25. and is supplied in a 
predetermined high-pressure state to the injector 21 
through the fuel supply paths 23A and 23B and the 

25 delivery pipe 28. At this time, the fuel pressure dis- 
charged from the low-pressure fuel punp 24 is regu- 
lated v^«th the low-pressure regulator 26. and the fuel 
pressure, which is pressurized with the high-pressure 
fuel pump 25 and guided to the delivery pipe 28. is reg- 

30 ulated with the high-pressure regulator 27. 

Also, 29 is an exhaust gas recircula^on passage 
(EGB passage) which recirculates the exhaust gas in 
the exhaust passage 1 7 of the engine 1 into the intake 
passage 2. 30 is a stepper nrotor type valve (EGR 

35 valve) as exhaust gas quantity adjustment means, 
which adjusts a recirculatk>n quantity of exhaust gas 
that is recirculated into the intake passage 2 through the 
EGR passage 29. 31 is a passage for restoring blow-by 
gas, 32 a passage for positively ventilating the aank ' 

40 Chancer. 33 a valve for positively ventilating the aank 
chanrtter, 34 a canister, and 35 a catalyzer for purifying 
exhaust gas (here, catalytic converter rhodium 
(CCRO)). 

hcidentally, as shown in Rg. 4, the ECU 16 per- 
45 forms the opening and closing controls or opening 
degree controls of the air bypass valves 6 and 14 and, 
furthernKjre, performs the controls of .the injector 21, 
spark wire coils (not shown) for spark plugs, and the 
EGR valve, and the combustion pressure control by the 
50 high-pressure regulator 27. For these controls, as 
shown in Rg. 4. an airflow sensor 44, ari intake-air tem- 
perature sensor 26, a throttle position sensor (TPS) 37 
for detecting a throttle opening degree, an idle swHch 
(idle detection means) 38. an air-con switch (not 
55 shown), a speed change position sensor (not shown), a 
wheel speed sensor (not shown), a pxwer steering 
wheel switch (not shown) for detecting the operating 
state of a power steering wheel, a starter switch (not 
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shown), a first-cylinder detection sensor 40. a crank 
angle sensor 41. a water terrperature sensor 42 for 
detecting lernperature of engine cooling water, an Oa- 
sensor 43 for detecting oxygen concentration in exhaust 
gas. etc., are provided, and connected to the ECU 16. 
Note that, based on the crank angle sensor 41, engine 
speed can be computed and an engine speed computa- 
tion function such as this is provided, for example, in the 
ECU 16. Hence, in this enf4)odiment the crank angle 
sensor 41 is also called an engine speed sensor for 
convenience* sake, though the engine speed sensor is 
constituted by the crank angle sensor 41 ar>d the engine 
speed computation function. 

Now. the controlled contents regarding the engine 
through the ECU 16 will be described based on a corv 
trol block diagram of Fig. 5. 

This engine is one which switches premixed cooh 
bustion and stratified lean combustion in accordance 
with the operating state. The premixed combustion can 
be established by injecting fuel evenly into the combus- 
tion chamber 18, and the stratified lean combustion can 
be established by causing injected fuel to be unevenly 
distributed around a spark plug (not shown) facing into 
the combustion chamber 18. 

Then, this engine is provided, as engine operating 
modes, with a fuel cut mode in which fuel injection is 
cut. in addition to four fuel injection modes: late lean 
combustion operating mode (late lean mode) in which 
fuel is injected on the conpression stroke to perform 
stratified lean combustion, early lean combustion oper- 
ating mode (early lean mode) in which fuel is injected on 
the intake stroke to perform premixed combustion, stoi- 
chiometric feedback operating mode (stoichiometric 
mode), and open-loop con^ustion operating mode (sto- 
ichiometric mode or enrich mode). 

Then, any of these modes is selected according to 
the operating state of the engine or the traveling state of 
the vehicle by this fuel control apparatus for an in-cylin- 
der injection internal connbustion engine to carry out fuel 
^ - supply control. Note that in each fuel injection mode, the 
case that the EGR is caused to be operated and the 
case that the EGR is caused to be stopped are set. 

Now, a description wilt be made of this fuel control 
apparatus for an in-cylinder injection internal combus- 
tion engine. As shown in Fig. 1 , the operating slates of 
the engine, i.e., the' engine load state Pe and the engine 
speed Ne are input from operating-state detection 
means 101 to the ECU 16. The ECU 16 is provided with 
mode selection means 102 for selecting any of the 
aforementioned operating nxxies from the Infornriation 
of these operating states. 

Note that as desatbed later, since the engine load 
state Pe is conputed based on the engine speed Ne 
and the throttle opening degree 0th. the data of the 
engine operating states which are input to the ECU 16 
are the engine speed Ne and the throttle opening 
degree eth. The operating-state detection means 101 
comprises an engine speed sensor 41 and a throttle 



opening degree sensor 37. 

Also, as shown in Ftg. 1. this fuel control apparatus 
is provided, as the functional sections within the ECU 
16, with target air-fuel ratio setting means 107 for set- 

5 ting a target air-fuel ratio in accordance with each oper- 
ating mode and air-fuel ratk) control means 108 for 
controlling an air-fuel ratio, based on the target air-fuel 
ratio set by the target air-fuel ratio setting means 107. 
The target air-fuel ratio setting means 107 sets, for 

10 example, in the late lean mode an air-fuel ratio within an 
air-fuel area where fuel is leanest (greater by far than 
the stoichiometric air-fuel ratio). In the early lean mode 
an air-fuet ratio is set within an air-fuel area where fuel 
is leaner than the late lean made (to some degree 

/5 greater than the stoichiometric air-fuel ratio). In the sto- 
ichiometric mode an air-fuel ratio is set so as to pulsate 
with an air-fuel ratio near the stoichiometric air-fuel ratio 
by the 02-feedback control. In the enrfch mode an air- 
fuel ratio is set within an air-fuel ratio area where fuel is 

20 rich (slightly less than the stoichiometric air-fuel ratio). 
In either nxxie other than the stoichiometric mode, a tar- 
get air-fuel ratio is adjusted according to the operating 
state of the engine. 

The air-fuel ratio control means 108 comprises fuel 

25 injection valve control means 105 for controlling the 
operation of the fuel injection valve 21 and intake-air 
control means 109 for controlling the air bypass valves 
(ABV. etc.). and controls an air-fuel ratio by fuel injection 
quantity control and intake-air quantity control. 

30 When any of the fuel injection modes is selected, 
the fuel injection valve control means 105 also sets an 
air-fuel ratio in accordance with the engine operating 
states (Pe and Ne) for each of the selected operating 
modes and, biased on the set air-fuel ratio, controls the 

35 operation of the fuel injection vah/e 21 provided in each 
of the cylinders to control fuel supply. When the iuk cut 
mode is selected, the fuel injection valve control means 
105 cuts fuel which Is supplied by the fuel injection yalve 
21. 

40 -Of course the control of an air-fuel ratio is not car- 
ried out by the operation of the fuel injection valve 21 but' 
it is also carried out along with the opening and closing 
controls or opening degree corrtrols of the air tiypass 
valves 6 and 14. Partrcularly, at the time of the late lean 

45 mode (lean cwnpression mode), air is supplied through 
the air bypass valve 6 to supplement intake air that 
becomes insufficient by regulation of the throttle vatve. 
thereby achieving a great air-fuel ratia 

Specifically, the fuel injection valve control means 

so 105 sets the drive period of the fuel injection valve 21 , 
i.e., the fuel injection period (injector pulse width), and 
outputs a drive commarxl .sigr^l to the fuel injection 
valve 21 in accordance with this setting. For this reason, 
the fuel irgection vatve control means 105 is provided. 

55 with injection period setting means 1 06 for setting a fuel 
injection period. Note that the fuel injection valve control 
means 105 does not set only a period for injecting fuel, 
but it also specif icany sets the start timing and end tim- 
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ing of the fuel injection so that the fuel injection is per- 
formed at optimum timing. 

The cases where the mode selection means 102 
selects the fuel cut mode, incidentally, are the following 
cases: 

(1) Case where a first predetermined period N1 IG 
elapses after the judgment means 103 shown in 
Fig. 1 has judged that fuel cut conditions have been 
established and also the fuel injection period set by 
the injection period setting means of the fuel injec- 
tion valve control means 105 is less than a prede- 
termined injection period. 

(2) Case where the first predetermined period N1 IG 
elapses after the judgment means 103 shown in 
Fig, 1 has judged that fuel cut conditions have been 
established, but the state, in which the fuel injection 
period set by the injection period setting means of 
the fuel injection valve control mearts 1 05 is not less 
than the predetermined injeclion period, continues 
only for a second predetermined period after fuel 
cut conditions have been established. 

Also, the case where the mode selection means 
102 selects the engine operating mode so that it returns 
from the fuel cut mode to the fuel supply mode is one 
where the judgment means 103 shown in Fig. 1 judges 
that release of fuel cut has been established. 

Note that, based on detection information from the 
engine speed sensor 41 and the idle switch 38, the 
judgment means 103 judges that fuel cut conditions 
have been established, when the engine speed Ne is 
equal to or greater than a predetermined speed Nel 
and also the idle switch 38 outputs an idle command 
signal corresponding to a nearly fully closed state of the 
throttle valva 

Also, the reason why there is a wait for the elapse of 
the first predetermined period N1IG after the judgment 
means 103 has judged that fuel cut conditions have 
been established is for confirming that the throttle valve 
has been fully closed, and fuel cut is prohibited during 
the first predetermined period N1 IG after the engine has 
gone from a non-idle state to an idle state. Note that the 
first predeterrrined period N1IG is set to a sufficiently 
short period (8 through 1 6 IG, for example). 

In other words, H the first predetermined period 
N 1 1G elapses after the judgment means 1 03 has judged 
that fuel cut corxfitions have been established, then the 
nrKxfe selection nr^eans 102 will monitor the fuel injection 
period set by the ir^ection period setting means 106 and 
select the fuel cut mode in the case where this fuel 
ir>jection period is less than a predetermined injection 
period a. Also, even if the fuel injection period is noX less 
than a predetermined injection period a after the judg- 
ment means 103 has judged that fuel cut conditions 
have been established, the mode selection means 102 
win select the fuel cut mode if a previously set period 
(second predetermined period) N2IG elapses. Note that 



the second predetermined period N2IG is set to a 
period (64 IG, for example) longer than the first prede- 
termined period N1 1(3. 

That is. even If fuel cut conditions are established 
5 and the first predetermined period N1IG elapses, fuel 
cut IS not performed until the fuel injection period 
becomes less than the predetermined injection period a 
or the second predetermined period N2IG elapses. The 
reason why there is a wait until the fuel injection period 
10 becomes less than the predetermined injection period a 
is that the occurrence of a torque shock is suppressed 
when a transition to a fuel cut mode is made, by per- 
forming the fuel cut after the output torque produced by 
combustion in the engine has become sufficiently smaB. 
15 Also, the reason that if the second predetermined 
period N2IG elapses, fuel cut will be performed even if 
the fuel injection period is not less than the predeter- 
mined injection period a is that acquisition of a low fuel 
consumption effect or an engine brake effect by fuel cut 
20 is caused to be prior to suppression of torque shock 
occurrence. In practice, it is believed that the fuel injec- 
tion period often becomes less than the predetermined 
injection period a before the second predetermined 
period N2IG elapses. 
25 The predetermined injection period a. incidentally, 
is set according to the engine operating mode (fuel 
injection mode) by the ECU 1 5. This period o is set to a 
sufficiently small value so that a torque shock can be 
suppressed. In the conpression stroke injection mode 
30 such as the late lean mode, since boost pressure is also 
low and engine output torque is small, the fuel injection 
period will become less than the predetermined injec- 
tion period a quickly (within the second predetermined 
period N2IG) evei if the predetermined injection period 
35 a is set relatively smaB. However, in the intake stroke 
injection mode such as the early lean mode or the stoi- 
chiometric nrode. since boost pressure is high and com- 
bustion efficiency is not good with respect to the 
compression stroke ir^ection mode, the fuel injection 
40 period will not be less than the predetermined injection 
period a quckly (within the second predetermined 
period N21G) if the predetermined injection period a is 
set relatively small. Hence, in the case of the intake 
stroke injection mode» the predetermined injection 
45 period a is set relatively great so that a suppression . 
effect of toque shock occurrence and a fuel cut effect 
are balanced with each other. In the case of the com- ' 
pression stroke irijection mode, the predetermined 
injection period o is set relatively small so that a fuel cut 
50 effect is also obtainat)le. obtaining a sufficient sup^pres- 
sion effect of torque shock occurrence. 

Furthernrwre. in this apparatus, the air-fuel ratio 
control fe performed so that the fuel injection period 
becomes less than the predetermined injection period a 
55 quickly and smoothly In other words, the target air-fuel 
rat} -.setting means 107 sets a target air-fuel ratio in 
accoi'dance with each operating mode, but. in the case 
of the compression stroke injectwn mode (i.e.. late lean 
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mode)» the target air-fuel ratio setting means 107 win set 
a target air-fuel ratio during non-idling as well as during 
idling so that an air-fuel ratio is gradually increased, if 
the judgment means 103 judges that the engine is in a 
deceleration state. 

In other words, from the aank angle sensor 41 as 
the engine speed detection means, it can be judged 
whether or not the engine is in a deceleration state. 
Therefore, based on information from this crank angle 
sensor 41 as the engine speed detection means, if the 
engine is in a deceleration state, the target air-fuel ratio 
setting means 107 will set a first target air-fuel ratio dur- 
ing non-idling so that an air-fuel ratio is gradually 
increased, and also set a second target air-fuel ratio 
during idling so that the target air-fuel ratio gradually 
approaches the second target air-fuel ratio. 

That is. if the engine is in a non-idle state during 
engine deceleration, the target air-fuel ratio (first target 
air-fuel ratio) AFl will be set so that it is gradually 
leaned accordng to the deceleration state from the air- 
fuel ratio con'esponding to the operating state, and a 
target air-fuel for each control cycle will be set to the first 
target air-fuel ratio AFl which is gradually leaned in this 
way. thereby performing the air-fuel ratio control. 

In this manner, even if the engine is in a non-idle 
state during engine deceleration, the engine output 
torque will be reduced, and thereafter, in the case where 
the engine goes to an idle state (therefore, in the case 
where fuel cut conditions are established), a transition 
to a fuel cut mode can be quicWy performed without a 
torque shock. Of course, since this reduction in the out- 
put torque by the increase in the air-fuel ratio is not sud- 
denly performed, there is no possibility that the driver, 
etc., will have a feeling of physical disorder. 

Also, if the engine goes to an idle state during 
engine deceleration, the second target air-fuel ratio (i.e.. 
an air-fuel ratio eveii higher than the first target air-fuel 
ratio) AF2 will be set so that the output torque of the 
engine will be further reduced, an6 a target air-fuel ratio 
for each control cycle will be set so that tt gradually 
approaches this second target air-fuel ratio AF2. In this 
way. in the case where the engine goes to an klle state 
during engine deceleration and also fuel cut corxlitions 
are estafc)lished. the engine output torque can be suffi- 
ciently reduced, and the transition to a fuel cut mode 
thereafter can be performed without a torque shock. 
Note that in the intake stroke injection nKxie in which a 
target air-fuel ratio is controlled in the vicinity of the sto- 
ichiometric air-fuel ratio, the quantity of fuel ir^ection 
which is supplied with the second target air-fuel ratio 
AF2 is set to a small quantity of fuel injection so that 
irregular conrtbustion such as accidental fire takes place. 

Note that in tiiis case, at the time the engine has 
gone to an idle state during engine deceleration, an 
actual air-fuel ratio must have been increased to a third 
target air-fuel ratio AF2* on a richer side than the second 
target air-fuel ratio AF2. for the reason that deceleration 
is great and other reasons. First, after an air-fuel ratio 



has been increased instantly to the third target air-fuel 
ratio AF2\ a target air-fuel ratio for each control cyde is 
set so that it gradually approaches the second target 
air-fuel ratio AF2 even higher than the third target air- 
fuel ratio. The third target air-fuel ratio AF2* needs to be 
set to a value so that it causes a feeling of deceleration 
but does not cause a shock (feeling of physical disor- 
der), thus by increasing the air-fuel ratio instantiy at the 
time the engine has gone to an idle state. 

If the target air-fuel ratio is set in this manner, the 
engine output torque can be sufficiently reduced, and 
the transition to a fuel cut nrtode thereafter can be 
quickly performed without a torque shock. In addition, 
since such a reduction in the output torque by the 
increase in the air-fuel ratio is not suddenly performed, 
there is no possibility that the driver, etc., will have a 
feeling of physical disorder. 

In this apparatus, on the other hand, air-fuel ratio 
control is performed at the time of a return from a fuel 
cut mode to a fuel injection mode as well. In other 
words, the mode selection means 102 is set so that it 
performs a return from a fuel cut mode to a fuel supply 
mode, if a return concfition to a fuel supply mode (fuel 
injection return conditions) is established during a fuel 
cut mode. This fuel injection return condition is the case 
where a transition from an idle state to a non-idle state 
is made or the case where engine speed is reduced to 
less tiian a predetermined speed (fuel injection return 
condition speed) Ne2 (Ne2 < Nel) even if an idle state 
continues. 

This target air-fuel ratio setting means 107 com- 
pares tiie nriagnitude Ne| of a change rate (actually a 
reduced speed) A Ne in the engine speed Ne with a pre- 
determined value p when this return to a fuel supply 
mode is performed. If |A Ne| is less than the predeter- 
mined value p (i.e., if a degree of decderation is slight), 
a relatively lean second return target air-fuel ratio (less 
than a stoichiometric air-fuel ratio) B (= AF4),will be set. 
If |A NeJ is equal to or greater than the predetermined 
value p (i.e.. if a degree of deceleration is great), a r^a- 
tive rich first return target air-fuel ratio A (a AF3) will be 
set. In either case, fuel supply is started with the return 
target air-fuel ratio A or B at the time of a return to a fuel 
supply nxxie, but, particularly, in the case vtrfiere the 
return target air-fuel ratio B is set. the return target air- 
fuel ratio thereafter is gradually reduced toward the tar- 
get air-fuel ratio A on a fuel-enriched side. Note that in 
the intake stroke injection mode in which a target air- 
fuel ratio is controlled in the vicinity of a stoichiometric 
air-fuel ratio, the injection quantity of fuel which is sup- 
li^ied with the fourth target air-fuel ratio AF4 Is set so 
that irregular combustion such as misfire takes place. 

The reasons why different target air-fuel ratios are 
thus set according to the change rate in the engine 
speed Ne. i.e.. the degree of deceleration are as fol- 
lows: When the engine speed Ne is decreasing sud- 
denly, the speed reduction cannot be prevented if an 
increase in the engine torque is^nsuffident. Therefore, 
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the relatively rich target air-fuel ratio A is set so that the 
reduction can be avoided, and thereafter, the air-fuel 
ratio is controlled toward the original air-fuel ratio quickly 
and saioothly. ff the reduction in the engine speed Ne is 
gentle, a sudden increase in the engine torque will 5 
cause a torque shock. Therefore, the relatively lean tar- 
get air-fuel ratio B is set and fuel supply is returned with- 
out causing a torque shock. Thereafter, the return target 
air-fuel ratio is gradually reduced toward the target air- 
fuel ratio A on a fuel-enriched side, vi^ereby the air-fuel w 
ratio is controlled toward the original air-fuel ratio quickly 
and smoothly. 

If the specific exanrples of such a transition to a fuel 
cut mode and such a return to a fue* supply mode are 
described, they will become as shown in Fig. 2. 15 

In other words, if the engine goes to a deceleration 
state during a non-idle state, the target air-fuel ratio AFl 
will first be set so that it is gradually leaned according to 
the deceleration state from the air-fuel ratio correspond- 
ing to the operating state (see Fig. 2(B)). and a target 20 
air-fuel ratio for each control cycle will be set to the first 
target air-fuel ratio AFl which is thus gradually leaned, 
thereby performing the air-fuel ratio control. 

During such air-fuel ratio control, as shown in Fig. 
2. if the engine makes a transition from a non-idle state 2S 
to an idle state (see Fig. 2(A)) under the condition the 
engine speed Ne is equal to or greater than a predeter- 
mined speed Nel (see Fig. 2(E)). a target air-fuel ratio 
will first be changed instantly to the third target air-fuel 
ratio AF2' and then a target air-fuel ratio for each control 30 
cycle will be set so that it gradually approaches the sec- 
ond target air-fuel ratio AF2, thereby performing the air- 
fuel ratio control (see Fig. 2(B)). 

On the other hand, along with this, a predetermined 
injection period a is set in accordance with the fuel 35 
injection mode at this time (here, the late lean mode in 
which fuel is injected on a compression stroke), and 
then whether or not the fuel injection period is less than 
the predetermined injection period a is monitored (see a 
solid line Cl of Fig. 2(C)). Then, with the* aforemen- 40 
tioned air-fuel control, the fuel injection period is 
reduced quickly and smoothly, and if the fuel injection 
period is less than the predetermined injection period a, 
the fuel cut mode will be selected and the fuel cut con- 
trol will be switched from an OFF state to an ON state, 45 
thereby executing the fuel cut (see a solid line Dl of Fig. 
2(D)). In addition, after the transition from a non-idle 
state to an idle state (I.e., after the fuel cut conditions 
have been established), a timer is started to count a 
period which is present after the transition to the idle so 
state (here, it is counted as a number of ignitions and 
the unrt is referred to as "IG"). Even if the fuel ir^ection 
period is not less than the predetemrtined injection 
period a (see a chain line C2 of Fig. 2(C)). the fuel cut 
nriode will be selected and fuel cut will be executed, if 55 
the second predetennined period N2IG elapses after 
the fuel cut conditions have been estalDlished (see a 
chain line 02 of Fig. 2(D)). 



Then, with such fuel cut the engine speed Ne is 
gradually reduced. If the engine speed is reduced to 
less than the predetermined speed (fuel injection return 
condition speed) Ne2 even if the idle state continues 
(see Rg. 2(E)). then the magnitude |A Ne| of the change 
rate A Ne in the engine speed Ne at this time will be 
compared with a predetermined value p. If |A Net »s less 
than the predetermined value p (i,e., if a degree of 
deceleration is slight), a relatively lean return target air- 
fuel ratio B {= AF4) will be set. If |A Ne| is equal to or* 
greater than the predetermined value p (i.e., if a degree 
of deceleration is great), a relatively rich return target 
air-fuel ratio (less than a stoichiometric air-fuel ratio) A 
(=. AF3) will be set (see Fig. 2(B)). At the time of a return 
to a fuel supply mode, fuel supply is started wrth these 
target air-fuel ratk>s. Particulariy. if the reiurn target air- 
fuel ratio B (= AF4) is set. the target air-fuel ratio there- 
after will be gradually reduced toward the target air-fuel 
ratio A (= AF3) on a fuel-enriched side. 

Although the return target air-fuel ratio A (= AF3) 
has been set as the target air-fuel ratio for normal idle 
running, the return target air-fuel ratio A may be set to a 
value lower than the target air-fuel ratio for normal idle 
running (of course an air-fuel ratio higher than the return 
target air-fuel ratio B). and thereafter, the target air-fuel 
ratio may be gradually reduced and returned to the tar- 
get air-fuel ratio for normal idle running. In other words, 
if a sudden increase in the output is performed when a 
degree of deceleration is great, the engine speed will be 
returned, but a torque shock will easily occur. However, 
if a target air-fuel ratio is reduced stepwise in this man- 
ner, the engine speed can be returned avoiding a torque 
shock, as with the control in the case of a small degree 
of deceleration. Furthermore, such an advantage is 
obtainable with relatively sinple control logic. The 
return target air-fuel ratio in this case needs be set to 
one which can return engine speed and also avoid a 
torque shock. 

If a further description is made of the fuel injection 
modes, in the mode setting in the fuel injection modes, 
an enrich operating mode, a stoichiometric operating 
mode, an early lean mode, and a late lean nrode.are 
generally set with respect to the engine speed Ne and 
the engine load Re with an area tendency such as that 
shown in Rg. 6. 

Also, among the aforementioned fuel injection 
modes, the late lean nrode can realize the leanest com- 
bustion (air-fuel ratio: approximately 30 through 40). 
and in this mode, the fuel injection is performed at. a 
stage extremely close to an ignition period, like the later 
stage erf a compression stroke. Furthermore, fuel is col- 
lected near the spark plug to cause the air-fuel ratio to 
be rich partially and lean as a whole, whereby econom- 
ical operation is performed ensuring ignitability and 
combustion stability. 

Then, the eariy lean mode can also realize lean 
combi^tion (air-fuel ratio: approximately 20 through. 
24). and in this mode, the fuel injection is performed at 
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the intake stroke before the late lean mode. Fuel is dif- 
fused into the combustion chamber to cause the entire 
air-fuel ratio to be lean, and a certain degree of output is 
ensured while ensuring ignitability, thereby performing 
economical operation. 

The stoichiometric operating mode is made so that 
sufficient engine output is efficiently obtained, maintain- 
ing an air-fuel ratio at a stoichiometric state or a state 
close to the stoichiometric state, oased on the output of 
the Oj-sensor. 

Also, in the open-loop combustion operatirrg mode, 
corrtjustion is performed at an stoichiometric air-fuel 
ratio or an air-fuel ratio richer than this by open-loop 
control so that sufficient output is obtained at the time of 
acceleration or start. 

First, if a description is made of the opening and 
closing controls of the valves 6 and 14. the ECU 16 is 
provided with a function of setting a request air quantity 
in accordance with an engine operating state, and the 
opening and closing controls of the valves 6 and 1 4 are 
performed according to the set request air quantity. 

Specifically, as shown in Fig. 5, from the throttie 
opening degree eth detected by the throttle sensor or 
the engine speed Ne based on both the output of the 
accelerator opening degree sensor (not shovwi) and the 
detectiori information from the crank angle sensor, tar- 
get engine load (target Pe) is first set based on the map 
(block Bl). 

If, on the other hand, the air conditioner is on, 
based on information from the air-conditioner switch, an 
air-condhloner corresponding correction quantity A 
Peac will be set from the engine speed Ne. based on the 
map (block B2). If the power steering wheel is on, based 
on information from the power steering wheel switch, a 
power steering wheel corresponding correction quantity 
A Peps will be set from the engine speed f^e, based on 
the map (block* 83). Based on information from the 
inhitjitor switch, an inhibitor corresponding correction 
quantity A Peinh will be set from the engine speed Ne at 
> " the time of the start,' based on the map (block B4). 

Then, with these corresponding correction quanti- 
ties A Peac. A Peps, and A Peinh, the target Pe is cor- 
rected properiy. Then, after this correction the target Pe 
is filtered properly through the switch SI (block 85). 
From the thus obtained target Pe and engine speed Ne, 
a control quantity Pos for a valve opening degree corre- 
sponding to the request air quantity (or a target intake- 
air quantity) Q is set based on the map. 

In setting this control quantity Pos, a map corre- 
spOTKfing to an engine operating slate is selected from 
a plurality of maps shown in block 87 and employed. 
Through switches S2 and S3, a signal is output in 
accordance vwth an engine operating state. Here, as tiie 
engine operating state, maps are provided wrth respect 
to three modes: late lean mode in which the leanest 
combustion is carried out, eariy lean mode in which the 
second leanest combustion is carried out, and EGR in 
motion in a stoichiometric operating mode. The request 



air quantity is set only in the case of these modes. 

Also, in the case where an die operating state is 
established, the control quantity #lABVPos of the 
request air quantity (or target intake-air quantity) 

5 #1 ABVQ is set based on the feedback control of engine 
speed by a switch S4, as shown in block 88. In this case 
tiie control quantity #1 ABVPos becomes a target open- 
ing degree based mainly on the #1 ABV valve. 

The functional section for setting quantities conre- 

10 sponding to the request air quantities Q and ^lABVQ 
through tiie aforementioned blocks B7 and 88 corre- 
sponds to request air quantity setting means (not 
shown). 

In accordance with the thus obtained control quan- 
15 tily Pos or #1 ABVPos, the setting of tiie opening degree 
position of the air bypass valve 6 or the setting of a duty 
ratio is performed (block 810) and the setting of the 
opening degree position of the air bypass valve 14 is 
performed (block 81 1), whereby tine air bypass valves 6 
20 . ar)d 1 4 are controlled at required states. 

Furthermore, based on Rg. 5, a description will be 
made of each control of tiie injector, the spark plug, and 
tiie EGR. 

In order to drive the Injector, there is a need to set 

25 tiie Injection start period and Injection end period of the 
Injector, txjt, in this embodiment injector drive time Tinj 
and Uie injection end period of the injector are set; and 
based on these, tiie timing for driving tiie injector is 
determined calculating backward the injection start of 

30 tiie Injector. The settings of these are performed accord- 
ing to the operating state of the engine by the ECU 16. 

In the setting of tiie injector drive time Tinj, an air- 
fuel ratb A/F is tirst set from the conected target Pe and 
engine speed Ne given or obtained from tiie filtering 

35 process (block 86), based on the map (block 812): Sim- 
ilarly, the setting maps in this case are provided vwtfi 
respect to four modes: EGR in motion in a late lean 
mode, EGR in stc^ in a late lean mode, early lean 
mode, and open-loop mode. The modes are selected 

40 according to the operating state of the engine and 
employed. 

Rom the thus obtained air-fuel ratio A/F and an 
intake-air quantity Qpb detected by the ar flow sensor, 
tiie injedcw drive time Tin] is computed (block B13). 

45 Then, this injector drive time Tinj is given by-cylin- 
ders injector unevenness rate correction (block 814) 
and by-cyKnders dead time correction (block 815). On 
the other hand, from the target Pe and the engine speed 
Ne. injection time TDEC for deceleration is computed 

so (block 81 6). At the time of the deceleration of the engine 
and at the time of the late lean operating mode, a 
smaller time between the injector drive , time Ttnj 
obtained in block 813 and the deceleration injection 
time TDEC is selected through a switch S5 (block BIT), 

55 and tiiis is decided as the injector drive time. 

Similarly, in the setting of the injection end period of 
the injector, the injection end period is set from the cor- 
rected target Pe and engine speed Ne given or obtained 
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from the filtering process (t)lock B6), based on the map 
(block B18). The setting maps in this case are also pro- 
vided with respect to four modes: EGR in motion in a 
late lean mode. EGR in stop in a late lean mode, early 
lean mode, and open-loop operating mode or stoichio- 
metric feedback operating mode. The modes are 
selected according to the operating state of the engine 
and employed. 

In the case of the late lean nr>ode. the thus obtained 
irijeclion end period is given water temperature con-ec- 
tion, thereby obtaining a corrected injection end period. 

Based on the thus obtained injector drive time Tinj 
and injection end period, the injector is driven. 

Also, for the ignition period of the spark plug by the 
spark coil, the ignition period is set from the corrected 
target Pe and engine speed Ne given or obtained from 
the filtering process (block B6). based on the map (block 
B20). The setting maps in this case are provided with 
respect to five modes; EGR in motion in a late lean 
mode, EGR in stop in a late lean mode, early lean 
mode, EGR in motion in a stoichiometric feedback oper- 
ating mode, and EGR in stop in an open-loop operating 
mode or stoichiometric feedback operating mode. The 
thus obtained ignition period is given various retard cor- 
rections (block B21). and based on this, control of the 
spark coil is periormed. 

Also, for the flow control o) the EGR. the fbw rate of 
the EGR is set from the corrected target Pe and engine 
speed Ne given or obtained form the filtering process 
(block B6), based on the map (block B22). The setting 
maps in this case are provided with respect to four 
modes: late lean mode in a D range, late lean mode in 
an N range, stoichiometric feedback operating mode in 
a D range, and stoichiometric feedback operating mode 
in an N range. 

The thus obtained flow rate of the EGR is given 
water temperature con-ection (block B23). and a control 
quantity (duty ratio) corresponding to an opening 
degree is set (block 824). thereby performing the flow 
control of the EGR. Note that the water tenp'erature cor- 
rection (block B23) also employs maps corresponding 
to engine operating states (here, two modes: late lean 
mode and stoichiometric feedback operating mode). 

Since the fuel control apparatus for an In-cylinder 
injection internal combustion engine as the first embod- 
iment of the present invention is constructed as 
described above, the fuel control is performed, for 
exarrple. as shown In Bg. 3. 

tn other words, initially the judgnnent means 103 
judges whether or not the engine is in deceleration (step 
S10). If it is in deceleration, then the judgment means 
103 judges whether or not the fuel cut conditions have 
been established, i.a. whether or not the engine is in an 
idle state, from whether or not the idle swKch is on (step 
S20). tf it is in a non-idle state, the first target air-fuel 
ratio will be set so that it is gradually leaned according 
to the deceleratk}n state from the air-fuel ratio corre- 
sponding to the operating state, and a target air-fuel 



ratio for each control cycle will be set so that rt gradually 
approaches- this first target air-fuel ratio AFl. thereby 
controlling the fuel supply (step SI 70). In this manner, 
the output torque of the engine is reduced. 

5 At the time of such target air-fuel ratio control, as 
shown in Fig. 2. if the engine makes a transition from a 
non-idle state to an idle state (see Rg. 2(A)) under the 
concfition the engine speed Ne is equal to or greater 
than a predetermined speed Net (see Rg. 2(E)). a tar- 

10 get air-fuel ratio will first be changed instantly to the third 
target air-fuel ratio AF2* and then a target air-fuel ratio 
for each control cycle wiQ be set so that it gradually 
approaches the second target air-fuel ratio AF2, thereby 
controlling the air-fuel ratio control (see Fig. 2(B)). 

15 In this manner, even if the engine is in a non-idle 
state at the time of deceleration, the output torque of the 
engine will be reduced, and thereafter, in the case 
where the engine makes a transition to an idle state 
(therefore, in the case where fuel cut conditions are 

20 established), a transition to a fuel cut mode can be 
made without a torque shock, and since this reduction in 
the output torque by the increase in the air-fuel ratio is 
not suddenly performed, there is no possibility that the 
driver, etc.. will have a feeling of physical disorder. 

25 Also, if the engine goes to an idle state at the lime 
of the deceleration, step 820 will advance to step S30 
and the second target air-fuel ratio (i.e.. an air-fuel ratio 
even higher than the first target air-fuel ratio) AF2 will be 
set so that the output taque of the engine will be further 

30 reduced. 

Then, at the time the engine has gone to an idle 
state during the acceleration of the engine, if an actual 
air-fuel ratio has not been increased to the third target 
air-fuel ratio AF2' on a richer side than the second target 

35 air-fuel ratio AF2, an air-fuel ratio will first be increased 
instantly to this third target air-fuel ratio AF2* and then a 
target air-fuel ratio for each control cycle will be set so 
that it gradually approaches the second target air-fuel 
ratio AF2 even higher than the third target air-fuel ratio. 

40 thereby performing control (step 840). 

Note that the third target air-fuel ratio AF2\ by thus 
Increasing an atr-fuel ratio instantly at the time the 
engine has gone to an idle stale, causes a feeling of 
deceleration but does not cause a feeling of shock 

45 (physical disorder). Alsa if the target air-fuel ratio islhus 
set, the output torque of the engine can be sufficiently 
reduced and a transition to a fuel cut mode thereafter . 
can be quickly performed without a torque shock. Since 
such a reduction in the output torque by the increase in 

so the air-fuel ratio is not suddenly performed, there is no 
possibility that the driver, etc.. wiD have a feeling of 
physical disorder. 

For such setting of the third target air-fuel ratio 
. AF2'. if a degree of deceleratkxi is great a torque shock 

55 will be in a direction where it is difficult to occur, even tf 
an air-fuel ratio is leaned, and therefore, a relatively 
great air-fuel ratio can be set to the third target air-fuel 
ratio AF2'. According to the third target air-fuel ratio 



14 



25 



EP0 857 866 A1 



26 



AF2* such as this, H the arrival time to the second target 
air-fuel ratio AF2 is shortened by leaning an air-fuel 
ratio, a reduction in fuel consumption can be even fur- 
ther enhanced without deteriorating combustion. 

Then, it is judged whether or not all fuel cut condi- 
tions have been established (step S50). This judgment 
is performed based on the result of a judgment process 
such as that shown in a flowchart of Fig. 7. As shown in 
the figure, it is first judged whether or not a basic fuel cut 
condition has been established (step AlO). This basic 
fuel cut condition is one where the engine is in deceler- 
ation and also in an idling state (idle switch SW is on), 
and corresponds to the aforementioned steps S10 and 
S20 of Fig. 3, 

If the basic fuel cut condition is established, the 
countdown by the timer will be started (step A20). This 
count will be started concunently v/hen the aforemen- 
tioned step S30 of Rg. 3 advances to step S40 and a 
control of getting the target A/F close to the AF2 is 
stared. In this step A20 the initial value TO of the timer 
count, set according to the second predetermined 
period N2IG. is subtracted with a predetermined count- 
down unit. 

Next, the settir^g means 104 sets the aforemerv 
tioned predetermined injection period a in accordance 
with the operating mode at this time (fuel injection 
mode) (step A30). 

Then, in step A40 it is judged whether or not the 
value of the timer (countdown value of the timer) has 
reached a predetermined value 'T1 (corresponding to 
the elapse of the first predetermined period N1 IG). If the 
value ol the timer does not reach the predetermined 
value Tl, steps A20 through A40 will be repeated, and 
the predetermined injection perkxf a will be updated, 
confirming whether or not fuel cut conditions have been 
estatslished. if the value of the timer has reached the 
predetermined value Tl. step A40 will advance to step 
A50 and it will be judged whether or not the fuel injection 
period (injector pulse width) is less than the predeter- 
mined injection period a. 

If the fuel injection period (injector pulse width) is 
less than the predetermined injection period a, step A50 
win advance to step A70 and it will be assumed that all 
fuel cut conditions have been established. Also, even if 
the fuel irijection period (injector pulse width) is not less 
than the predetermined injection period a. it v^ll be 
assumed that all fuel cut conditions have been estab- 
lished (step A70), if the timer value has reached 0 (if the 
second predetermined period N2tG elapses), by the 
judgment in step A60 of whether or not tlie timer value 
(countdown value of the timer) has reached 0 (corre- 
sponding to the elapse of the second predetermined 
period N21G). 

Based on the result of such a judgment process 
according to fuel cut conditions, the judgment in step 
S50 of Rg. 3 is performed, and in this step S50. if it is 
judged that all fuel cut conditions have been estab- 
lished, the process will advance to step S60 and fuel cut 



will be executed. 

At the time of this fuel cut. initially the magnitude |A 
Ne| of a change rate A Ne in the engine speed Ne is 
compared with a predetennined value p and judged 

5 (step S70). If this |A Ne| is less than the predetermined 
value p (i.e., if a degree of deceleration Is slight), a rela- 
tively lean second return target air-fuel ratio (less than a 
stoichiometric air-fuel ratio) B (= AF4) wOl be set (step 
S90). If |A Ne| is equal to or greater than the predeter- 

10 mined value p (i.e., if a degree of deceleration is great), 
a relatively rich return target air-fuel ratio (less than a 
stoichiometric air-fuel ratio) A (= AF3) will be set (step 
S80). 

Subsequently, it is judged whether or not fuel sup- 
15 ply return conditions have been established (on the 
assumption that an idle state has continued) (step 
S100). Until the fuel supply return conditions are estab- 
lished, the return target air-fuel ratio B is properly varied 
by the process of steps S60 through S90. 
20 Then, if the fuel supply return conditions have been 
established, it win be judged whether or not the target 
ail -fuel ratio (A/F) of the control cycle is less than A 
(step Si 10). If the return target air-fuel ratio is B. step 
S110 will advance to step SI 20 through an No route ' 
25 and fuel supply will be returned with the return target 
air-fuel ratio as B. Furthermore, a target air-fuel ratio is 
adjusted gradually toward a rich side (enriched side) so 
that the return target air-fuel ratio approaches A (step 
SI 30). 

30 K the return target air-fuel ratio is B, the target air- 
fuel ratio (A/F) will become less than A through such a 
process. If the return target air-fuel ratio is A the target 
air-fuel ratio (A/F) will become less than A through such 
a process. Thereafter, vwth the target air-fuel ratio (A/F) 

35 as A, the process waits for a return from an kfle State to ' 
a non-idle state and it is judged vi^ether or not the 
engine is in a non-idle state (step SI 50). Then, if the 
engine is in a non-idle state, the engine will be returned 
to a normal operation (an operation independent of fuel 

40 cut) and a target air-fuel ratio conrespcvKiing to an oper- 
ating state will be set. thereby performing operation 
(stqp S160)- 

In this manner, in this apparatus, both at the time of 
a transition to a fuel cut mode and at the time of a return 

45 from a fuel cut mode to a fuel supply nxxie. engine 
torque is adjusted by air-fuel ratio control. Therefore, the 
swvitching between a fuel cut mode and a fuel Gnjection 
mode can be performed without causing a torque 
shock. At the same time, since the fuel cut control ts 

so performed after the fuel injection period (injector pulse 
width) has beai less than this predetermined injection 
period a. a transition to a fuel cut mode is made after 
the torque produced by the engine has been reduced to 
some degree. Therefore, a transition to a fuel cut mode 

55 can be made, suppressing a torque shock at the time of 
the transition to a fud cut mode. Furthermore, in the 
case where the fuel injection period (injector pulse 
width) will not easily become less than the predeter- 
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mined injection period a, the fuel cut control is per- 
formed at the time the second predetermined period 
N2IG has elapsed. Therefae. in this case, suppression 
of a torque shock cannot be sufficiently performed when 
a transition to a fuel cut nr»ode is made, but since the 
if^ector pulse width has been less than the pulse width 
of the first predetermined period N1 13. a certain degree 
of shock can be reduced and fuel cut effects, i.e.. a fuel 
consunption saving effect and an engine brake effect 
are obtainable with reliability. 

Now. a second embodiment will be descril>ed in ref- 
erence to Fig. 8. 

As shown in Fig. 8. this embodiment is different in 
the control immediately before a transition to the fuel cut 
mode from the first embodiment. In other words, in this 
embodiment, if the engine is decelerated during non- 
idling, as with the first embodiment, the first target air- 
fuel ratio (i.e.. a high air-fuel ratio) AFl will be set so that 
the output torque of the engine is reduced. The target 
air-fuel ratio for each control cyde is set so that it grad- 
ually approaches the first target air-fuel ratio AF1, and 
the fuel supply is controlled. However, thereafter, if the 
engine goes to an idle state during deceleration, the 
operating mode (fuel injection mode) will switched from 
the compression stroke injection mode (late lean mode) 
to the intake stroke injection mode (stoichiometric mode 
or early lean mode). 

If the operating nrKxJe is thus switched to the intake 
stroke injection mode, the output torque of the engine 
will easily be reduced because irregular combustion 
which did not take place in the conpression stroke 
injection mode takes place in the engine. Therefore, as 
with MP I engines, a torque shock can be reduced when 
a transition to a fuel cut rnode is made. In other words, if 
switching is performed from the conpression stroke 
injection mode to the intake stroke injection mode, the 
output torque of the. engine will be reduced, because 
irregular combustion will take place even if an increas- 
ing terKlency is seen in the torque output of the engine, 
as shown in Fig. 8(C). The fuel injection period 
becomes less than a predetermined injection period <x2 
for the intake stroke oijection mode (a2 > a1. a: prede- 
termined injection period for the compression stroke 
ir^ection mode), whereby a torque shock can be 
reduced when a transition to a fuel cut nrtode ts n^de. 

Thus, the second embodiment is capable of avoid- 
ing an unconnfortat)le torque shock when a transition to 
a fuel cut mode is nrrade. by switching the operating 
nnode (fuel injection nrtode) from the compression stroke 
injection modB to the intake stroke injection nx>de. 

Note that the predetermined injection period a is 
set according to the operating nx>de (fuel ir^eclion 
mode) of the engine. In the compression stroke ir^edion 
mode in which boost pressure is low and engine output 
torque.is small, such as a late lean nxxie. the predeter- 
mined injection period a is set relativjgly small. There- 
fore, there is another advantage that a fuel cut effect is 
also obtainable, obtaining sufficiently the suppression 



effect of torque shock occurrence. 

In the intake stroke injection mode in which boost 
pressure is high and engine output torque is great, such 
as an early lean nDode or a stoichiometric mode, since 

5 the predetermined injection period a is set relatively 
great, a suppression effect of torque shock occun*ence 
and a fuel cut effect can be balanced with each other. 

Note that in this embodiment, while the first prede- 
termined period N1 IQ has been set and also the judg- 

70 ment means 103 has judged that fuel cut conditions 
have been established and confirmed that the throttle 
valve has been fully closed after the elapse of the first 
predeternrtined period N1IG. the apparatus of the 
present invention may omit the judgment related to the 

15 first predetermined period N1IG. because the start of 
fuel cut has been judged based on wheth^ or not the 
fuel injection period (injector pulse width) has been less 
than the predetermined injection period a and. in the 
case where the fuel injection period (injector pulse 

20 width) has been less than the predetermined injection 
period a. it can be judged that the throttle valve has also 
been closed fully. 

In addition, the predetermined injection period a 
has been taken to be a fixed value in each operating 

25 mode. but. if it is varied according to engine speed or a 
degree of deceleration, control will be complicated but 
even finer corrtrol will be possible. 

INDUSTRIAL APPLICABILITY 

30 

According to the fuel control apparatus for an in-cyl- 
inder injection internal combustion engine of the present 
irwention, a quick transition to a fuel cut mode can be 
made suppressing a torque shocK and similarly, when 

35 fuel cut is returned to fuel supply, a return to f u^ supply 
can be performed suppressing a torque shock. Accord- 
ingly the fuel control apparatus of the present invention 
can more effidenlly obtain advantageous effects, such 
as saving of fuel consumption by fuel cut and prevention 

40 of the excessive temperature rise of an exhaust gas 
purifying catalyzer due to excess hydrocarbon (HC). If 
the fuel control apparatus is applied, fa example, to the 
engine of a vehicle such as an autorTX)bile, it can simul- 
taneously meet various demands for vehicle engines, 

45 such as operating cost reduction by low fuel consump- 
tion and environmental protectfon by acceleration of 
exhaust gas purification, enhancing drivability. and 
therefore it is extremely servk:eable 

50 aaims 

1 . A fuel control apparatus for an in-cylinder injection 
internal combustion engine, 

55 ' the internal combustion engine injecting fuel 

directly into a combustion chamber (18) and 
also being able to select according to an oper- 
ating state of said internal conobustion engine a 
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compression stroke injection mode in which 
fuel injection is performed primarily on a com- 
pression stroke, 4. 
the fuel control apparatus comprising: 

5 

deceleration state detection means (41) for 
detecting whether or not said internal com- 
bustion engine is in a deceleration state; 
idle detection means (38) for detecting 
whelher or not said internal combustion 10 
engine is in an idle state; 
target air-fuel ratio setting means (107) lor 
setting a target atr-fuef ratio for said com- 
pression stroke injection mode; and 
air -fuel ratio control means (108) which is 
can control an air-fuel ratio. t>ased on the 
target air-fuel ratio set by said target air- 
fuel ratio setting means (107); 



mode. 

A fuel control apparatus for an in-cytinder injection 
internal combustion engine. 

the internal combustion engine injecting fuel 
directly into a combustion chamber (18) and 
also being able to select according to an oper- 
ating state of said internal combustion engine a 
fuel supply mode including a compression 
stroke injection mode in which fuel injection is 
performed prinoarily on a compression stroke 
and a fuel cut mode in which supply of fuel to 
the connbustion chamber is cut, and further- 
more being able to select said compression 
stroke injection mode when said fuel cut mo6e 
is returned to said fuel supply mode, 
the fuel control apparatus comprising: 



wherein said target air-fuel ratio setting 20 
means (107) 

sets a first target air-fuel ratio as said target air- 
fuel ratio, when said deceleration state detec- 
tion means (41) detects that said internal com- 
bustion engine is in a deceleration state and 25 
also said idle state detection means (38) 
detects that said internal combustion engine is 
not in an idle state, at the time of said compres- 
sion stroke injection mode, and 
also sets as said target air-fuel ratio a value 30 
changed stepwise toward a second target air- 
fuel ratio on a leaner side than said first target 
air-fuel ratio, when said deceleration state 
detection means (41) detects that said internal 
connbustion engine is in a deceleration state 35 
and also said klle detection means (38) detects 
that said internal combustion engine is in an 
idle stale, at the time of said compression 
stroke injection'mqde. 

40 

2, The fuel control apparatus for an in-cylinder injec- 
tion internal comtnistion engine asset forth in daim 
1. wherein said first target air-fuel ratio is set so as 
to change stepwise to a lean side. 

45 

3. The fuel control apparatus for an in-cytinder injec- 
tion internat combustion engine as set forth in claim 
1, wherein said target ar-fuel ratio setting means 
(107) first increases said target air-fuel ratio 
instantly to a third target air-fuel ratio on a richer so 
side than said second target air-fuel ratio and then 
sets a value changed stepwise toward said second 
target air-fuel ratia when said deceleration state 
detection means (41) detects that said internal 

. combustion engine is in a deceleration state and 55 
also said idle detection means (38) detects that 
said internal combustion engine is in an idle state, 
at the time of said compression stroke injection 



idle detection means (38) for detecting 
whether or not said internal combustion 
engine is in an idle state; 
judgment means (103) forjudging whether 
or not return conditions from said fuel cut 
mode to said fuel supply mode have been 
established, based on detection formation 
from said idle detection means (38) and 
the operating state of said internal com* 
bustion engine; 

deceleration state detection means (41) for 
detecting a degree of deceleration of said 
internal combustion engine; 
target air-fuel ratio setting means (107) for 
setting a target air-fuel ratio for said com- 
pression stroke injection mode; and I 
air-fuel ratio control means (108) which 
can control an air-fuel ratio, based on the 
target air-fuel ratio set by said target air- 
fuel ratio setting means (107); 

wherein said target air-fuel ratio setting 
means (107) 

sets a first target air-fuel ratio as said target air- 
fuel ratio, when said judgment means (103) 
judges that said return conditions have been 
established and also said degree of decelera- 
tion detected by said deceleration state detec- 
tion means is equal to or greater than a 
predetermined value; 

also sets as said target air-fuel ratio a second 
target air-fuel ratb on a leaner side than said 
first target air-fuel ratio, when said judgment 
means (103) judges that said return' corxfrtions 
have been estabHshed and also said degree of 
deceleration detected by said deceleration 
state detection means is less than the prede- 
termined value; and 

furthermore perfprnrts a return from said fuel 
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cut mode to said fuel supply mode, while said 
air-fuel ratio control means (108) is controlling 
an air-fuel ratio with said first or second return 
target air-fuel ratio set by said target air-fuel 
ratio setting means (107), at the time of the 5 
establishment of said return conditions. 

5. The fuel control apparatus for an in-cylinder injec- 
tion internal combustion engine as set forth in claim 

4. wherein said target air-fuel ratio setting means 10 
(107) is set so that in the case where said second 
return target air-fu^ ratio is set as said target air- 
fuel ratio, thereafter said target air-fuel ratio is grad- 
ually reduced toward said first return target air-fuel 
ratio on a fuel-enriched side. is 

6. The fuel control apparatus for an in-cylinder injec- 
tion internal combustion engine as set forth in claim 
4, wherein fuel cut conditions for selecting said fuel 

cut mode are that rotation speed of said internal so 
combustion engine is equal to or greater than a pre- 
determined rotation speed and that said internal 
combustion engine is in an idle stale. 

7. A fuel control apparatus for an in-cylinder injection 25 
internal combustion engine. 

the internal combustion engine injecting fuel 
directly into a combustion chancer (18) and 
being able to select according to an operating 30 
state of said internal combustion engine a fuel 
supply mode including a compression stroke 
injection mode in which fuel injection is per- 
formed primarily on a conpression stroke, a 
fuel supply nxxfe including an intake stroke 35 
injection nruxJe in which fuel injedron is per- 
formed primarily on an intake stroke, and a fuel 
cut mode in which supply of fuel to the canbus- 
tion chamber (18) is cut. 

the fuel control apparatus conpriang: 4o 

deceleration state detection means (41) tor 
detecting whether or not said interna) com- 
bustion engine is in a deceleration state; 
idle detection means (38) for delecting 45 
whether or not said interna! combustion 
engine is in an idle state; 
target aff-fuel ratio setting means (107) for " - 
setting a target air-fuel ratio for :^id conv 
pression stroke injection mode; and so 
air-fuel ratio control means (108) which 
can control an air-fuel ratio, based on the 
target air-fuel ratio set by said target air- 
fuel ratio setting means (107); 

55 

wherein said target air-fuel ratio setting 
means (107) sets a first target air-fuel ratio as 
said target air-fuel ratio, when said deceleration 



state detection means (41) detects that said 
internal comtxistion engine is in a deceleration 
state and also said idle detection means (38) 
detects that said internal combustion engine is 
not in an idle state, at the time of said compres- 
sion stroke injection mode; and 

wherein said fuel supply mode is 
switched from said compression stroke injec- 
tion mode to said intake stroke injection mode, 
when said deceleratbn state detection means 
(41) detects that said internal combustion 
engine is in a deceleration state and also said 
idle detection means (38) detects that said 
internal combustion engine is in an idle state, at 
the time of said compression stroke injection 
mode. 

8. The fuel control apparatus for an in-cylinder injec- 
tion internal combustion engine as set forth in claim 
7, wherein fuel cut conditions for selecting said fuel 
cut mode are that rotation speed of said internal 
combustion engine is equal to or greater than a pre- 
determined rotation speed and that said internal 
combustion engine is in an idle state. 

9. A fuel control apparatus for an in-cylinder injection 
internal combustion engine, 

the internal combustion engine injecting fuel 
directly into a combustion chamber (18) and 
also having a fuel cut mode in which supply of 
fuel to the combustion chamber (1 8) is cut, and 
furthermore being able to select said fuel cut 
mode in accordance with an operating state of 
said internal combustion engine, 
the fuel control apparatus comprising: 

injection period setting means (106) for 
setting a fuel injection period for said fuel 
' ■ injection valve; 

judgment means (103) forjudging whether 
or not fuel cut corxfitions have been estab- 
lished, based on the operating state of said 
interna! combustion engine; and 
mode selection means (102) for selecting 
said fuel cut mode, if said judgment means 
(103) judges that said fuel cut conditions 
have been established and also the fuel 
injection period set by said injection period 
setting means (106) is less than a prede- 
termined injection period. 

10. The fuel control apparatus for an in-cylinder Injec- 
tion internal combustion engine as set forth in daim 
9. wherein said mode selectiofi means (102) is con- 
structed so that it selects said fuel cut mode, if said 
judgment means (103) judges that said fuel cut 
conditions have been established but a state, in 



18 



BNSDOCia<EP. _0eS7B66AIJ_> 



33 



EP 0 857 866 A1 



which the fuel injection pericxi set by said injection 
period setting means (106) is not less than a prede- 
termined injection period^ continues only for a pre- 
determined period. 

5 

11. The fuel control apparatus for an rn-cylinder injec- 
tion internal conobustion engine as set forth in claim 
9. 

wherein said in-cylinder injection internal 
combustion engine is provided with a fuel injection io 
mode including an intake stroke injection mode in 
which fuel injection is performed primarily on an 
intake stroke and a compression stroke injection 
mode in which fuel injection is performed primarily 
on a compression stroke, and is constructed so that is 
these foel injection modes can be switched in 
accordance with the operating state of said internal 
combustion engine; and 

wherein said predeternnined injection period 
is set separately for each of said fuel injection 20 
modes and said predetermined injection period in 
said compression stroke injection nxxie is set to a 
shorter period than said predetermined injection 
period in said intake stroke injection mode. 

25 

12. The fuel control apparatus for an in-cylinder injec- 
tion internal combustion engine as set forth in claim 
9. wherein fuel cut conditions for selecting said fuel 
cut mode are that rotation speed of said internal 
combustion engine is equal to or greater than a pre- so 
determined rotation speed and that said internal 
combustion engine is in an idle state. 
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FIG.6 
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